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Figure S1. 1H-NMR (400 MHz, Acetone-d6) spectrum of emmolic acid (1). 

 
Figure S2. 1H-NMR (400 MHz, Methanol-d4) spectrum of alphitolic acid (2). 
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Figure S3. 1H-NMR (400 MHz, Acetone-d6) spectrum of trans-coumaroyl alphitolic acid (3). 

 
Figure S4. 1H-NMR (400 MHz, Acetone-d6) spectrum of cis-coumaroyl alphitolic acid (4). 
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Figure S5. 1H-NMR (400 MHz, DMSO-d6) spectrum of betulinic acid (5). 

 
Figure S6. 1H-NMR (400 MHz, Acetone-d6) spectrum of emmolic acid acetate (6). 
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Table S1.-NMR (400 MHz, Acetone-d6) data for (1). 

Pos δH, Mult (J in Hz) δC * COSY HMBC
1 2.30, s 65.9  2, 3, 5, 9, 10, 25 
2  176.7   
3 3.91, s 83.6  2, 4, 23 
4  48.9   
5 1.59, m 56.3 6  
6 1.35, 1.47, m 23.3 5, 7  
7 1.30, m 34.0 6  
8  41.6   
9 1.52, m 48.8 11  

10  43.1   
11 1.55, 0.92, m 25.5 9, 12  
12 1.46, m 23.5 11, 13  
13 2.20, m 38.2 12, 18  
14  42.9   
15 1.42, 1.10, m 29.9 16  
16 1.80, 1.33, m 30.3 15 28 
17     
18 1.53, m 48.9 13, 19 28 
19 3.03, m 47.0 18, 21  
20  150.6   
21 1.81, 1.42, m 36.7 22  
22 1.36, m 38.8 21  
23 1.07, s 30.3  3, 4, 5, 24 
24 0.91 s 18.7  4, 5, 23 
25 1.11, s 17.8  1, 9, 10 
26 0.96, s 16.2  8, 9, 14 
27 0.97, s 14.2  8, 13, 14, 15 
28  177.6   
29 4.71, s, 4.58, s 110.1  19, 30 
30 1.69, s 19.4  19, 20, 29 
* assignments supported by HSQC and HMBC experiments. 
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Table S2.-NMR (400 MHz, MeOH-d4) data for (2). 

Pos δH, Mult (J in Hz) δC * COSY HMBC
1 1.99, 0.84, m 48.3 2 2, 3, 5, 10 
2 3.62, m 69.7 1, 3  
3 2.89, d (9.4) 84.3 2 2, 4, 23, 24 
4  40.5   
5 0.81, m 56.7 6  
6 1.45, m a 19.1 5, 7  
7 1.42, m a 35.3 6  
8  42.0   
9 1.37, m 52.0 11  

10  39.4   
11 1.46, 1.31, m 22.0 9, 12  
12 1.70, 1.10, m 26.7 11, 13, 18  
13 2.31, m 39.5 12  
14  43.4   
15 1.20 30.8 16  
16 2.24, 1.42, m 33.2 15  
17  57.4   
18 1.63, m 50.3 13, 19  
19 3.02, m 48.4 18, 21  
20  151.8   
21 1.95, 1.40, m 31.6 19, 22  
22 2.28, m 34.7 21  
23 0.99, s 29.1  3, 4, 5, 24 
24 0.78, s 17.1  3, 4, 5, 23 
25 0.92, s 17.8  1, 5, 9, 10 
26 0.97, s 16.5  7, 8, 9, 14 
27 1.01, s 14.9  8, 13, 14, 15 
28  179.7   
29 4.72, 4.60, s 110.2  19, 30 
30 1.70, s 19.4  19, 20, 29 

* assignments supported by HSQC and HMBC experiments; a overlapping signals. 
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Table S3.-NMR (400 MHz, Acetone-d6) data for (3). 

Pos δH, Mult (J in Hz) δC * COSY HMBC 
1 1.92, 0.90, m 40.2 2  
2 4.88, ddd (11.2, 10.0, 4.4) 72.6 1, 3 1′ 
3 3.10, dd (10.0, 5.7) 78.6 2 1, 2, 23, 24 
4  44.5   
5 0.83, m 55.0 6  
6 1.32 b, 1.21, m 21.1 5, 7  
7 1.35 c, m 34.1 6  
8  41.4   
9 1.51 a, m 48.9 11  

10  43.0   
11 1.60, 0.98, m 25.3 9, 12  
12 1.50 a, m 24.8 11, 13  
13 2.22, m 37.8 12, 18  
14  42.8   
15 1.42, 1.10, m 29.6 16  
16 1.80 d, 1.31 b, m 30.4 15  
17  57.3   
18 1.35 c, m 50.0 13, 19  
19 2.94, m 47.0 18, 21  
20  150.6   
21 1.81 d, 1.42, m 36.6 22  
22 1.34, m 34.0 21  
23 0.95, s 29.0   
24 0.74, s 17.2   
25 0.94, s 14.7   
26 0.87, s 16.0   
27 0.90, s 17.3   
28  177.6   
29 4.68, s, 4.54, s 110.1   
30 1.64, s 19.3   
1′  166.8   
2′ 7.52 e 144.5  1′ 
3′ 6.31, d (16.0) 115.5  1′, 4′ 
4′  125.6   
5′ 7.51 c, d (8.3) 130.5  3′, 7′, 9′ 
6′ 6.80, d (8.3) 116.3  4′, 7′, 8′ 
7′  160.0   
8′ 6.80, d (8.3) 116.3  4′, 6′, 7′ 
9′ 7.51 c, d (8.3) 130.5  3′, 5′, 7′ 

* assignments supported by HSQC and HMBC experiments; a–e overlapping signals. 
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Table S4.-NMR (400 MHz, Acetone-d6) data for (4). 

Pos δH, Mult (J in Hz) δC * COSY HMBC 
1 1.92, 0.90, m 40.4 2  
2 4.88, ddd (11.1, 10.0, 4.2) 72.5 1, 3 1′ 
3 3.12, dd (10.0, 5.7) 78.9 2 1, 2, 23, 24 
4  44.0   
5 0.83, m 54.0 6  
6 1.32 b, 1.21, m 21.0 5, 7  
7 1.35 c, m 34.1 6  
8  41.2   
9 1.51 a, m 48.7 11  

10  43.0   
11 1.60, 0.98, m 25.3 9, 12  
12 1.50 a, m 24.6 11, 13  
13 2.23, m 37.8 12, 18  
14  42.8   
15 1.42, 1.10, m 29.6 16  
16 1.80 d, 1.31 b, m 30.4 15  
17  57.2   
18 1.35 c, m 50.0 13, 19  
19 2.90, m 47.0 18, 21  
20  150.5   
21 1.81 d, 1.42, m 36.6 22  
22 1.34, m 34.0 21  
23 0.93, s 28.0   
24 0.78, s 17.1   
25 0.96, s 14.4   
26 0.87, s 15.9   
27 0.90, s 17.3   
28  177.2   
29 4.71, s, 4.57, s 110.1   
30 1.60, s 19.3   
1′  166.8   
2′ 6.83 c 144.5  1′ 
3′ 5.77, d (12.9) 115.5  1′, 4′ 
4′  125.6   
5′ 7.79, d (8.3) 130.7  3′, 7′, 9′ 
6′ 6.83 e, d (8.3) 116.4  4′, 7′, 8′ 
7′  160.0   
8′ 6.83 e, d (8.3) 116.4  4′, 6′, 7′ 
9′ 7.79, d (8.3) 130.7  3′, 5′, 7′ 

* assignments supported by HSQC and HMBC experiments; a–e overlapping signals. 
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Table S5.-NMR (400 MHz, DMSO-d6) data for (5). 

Pos δH, Mult (J in Hz) δC * COSY
1 1.89, 0.95, m 48.3 2 
2 2.25, 2.09, m 39.7 1, 3 
3 2.97, m 77.3 2 
4  39.7  
5 0.80, m 55.9 6 
6 1.43, m a 18.9 5, 7 
7 1.42, m a 36.0 6 
8  41.7  
9 1.40, m 52.5 11 

10  39.4  
11 1.40, 1.38, m 22.0 9, 12 
12 1.65, 1.08, m 25.5 11, 13, 18 
13 2.36, m 39.9 12 
14  42.0  
15 1.20 30.8 16 
16 2.24, 1.42, m 33.2 15 
17  57.4  
18 1.63, m 50.3 13, 19 
19 3.02, m 48.4 18, 21 
20  151.8  
21 1.95, 1.40, m 31.6 19, 22 
22 2.28, m 34.7 21 
23 0.77, s 29.1  
24 0.66, s 17.0  
25 0.87, s 17.7  
26 0.87, s 16.1  
27 0.93, s 14.6  
28  179.5  
29 4.69, 4.57, s 110.0  
30 1.65, s 19.4  

* assignments supported by HSQC and HMBC experiments; a overlapping signals. 
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Table S6.-NMR (400 MHz, Acetone-d6) data for (6). 

Pos δH, Mult (J in Hz) δC * COSY HMBC
1 2.58, s 62.7  2, 3, 5, 9, 10, 25 
2  174.3   
3 5.12, s 84.8  1, 2, 4, 23 
4  49.2   
5 1.62, m 56.5 6  
6 1.33, 1.45, m 23.3 5, 7  
7 1.30, m 34.0 6  
8  41.6   
9 1.52, m 48.8 11  

10  42.9   
11 1.55, 0.92, m 25.5 9, 12  
12 1.46, m 23.4 11, 13  
13 2.19, m 38.2 12, 18  
14  42.9   
15 1.42, 1.10, m 29.9 16  
16 1.80, 1.33, m 30.5 15 28 
17     
18 1.53, m 48.9 13, 19 28 
19 2.94, m 47.0 18, 21  
20  150.5   
21 1.81, 1.42, m 36.7 22  
22 1.36, m 38.8 21  
23 1.20, s 29.9  3, 4, 5, 24 
24 1.10, s 17.5  4, 5, 23 
25 0.88, s 19.1  1, 9, 10 
26 1.00, s 16.5  8, 9, 14 
27 0.99, s 14.9  8, 13, 14, 15 
28  177.6   
29 4.71, s, 4.58, s 110.1  19, 30 
30 1.64, s 19.4  19, 20, 29 
31 2.04, s 19.9  32 
32  169.6   
* assignments supported by HSQC and HMBC experiments. 
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Table S7. Statistical analysis of differences in IC50 values of compounds 1–6 and the control NSAIDs 
derived from Table 1 using the Student-Newman-Keuls Multiple Comparison Test.  

Compaired Pair Significant? p < 0.05? Summary
Nitric Oxide (n = 8)

3 vs. Ibuprofen Yes *** 
3 vs. Diclophenac Yes *** 

3 vs. 1 No ns 
3 vs. 2 No ns 
3 vs. 6 No ns 
3 vs. 5 No ns 
3 vs. 4 No ns 

4 vs. Ibuprofen Yes *** 
4 vs. Diclophenac Yes *** 

4 vs. 1 No ns 
4 vs. 2 No ns 
4 vs. 6 No ns 
4 vs. 5 No ns 

5 vs. Ibuprofen Yes *** 
5 vs. Diclophenac Yes *** 

5 vs. 1 No ns 
5 vs. 2 No ns 
5 vs. 6 No ns 

6 vs. Ibuprofen Yes *** 
6 vs. Diclophenac Yes *** 

6 vs. 1 No ns 
6 vs. 2 No ns 

2 vs. Ibuprofen Yes *** 
2 vs. Diclophenac Yes *** 

2 vs. 1 No ns 
1 vs. Ibuprofen No ns 

1 vs. Diclophenac No ns 
Diclophenac vs. Ibuprofen Yes *** 
TNF-α (n = 3)   

4 vs. Ibuprofen Yes *** 
4 vs. Diclophenac No ns 

4 vs. 6 No ns 
4 vs. 1 No ns 
4 vs. 5 No ns 
4 vs. 2 No ns 
4 vs. 3 No ns 

3 vs. Ibuprofen Yes *** 
3 vs. Diclophenac No ns 

3 vs. 6 No ns 
3 vs. 1 No ns 
3 vs. 5 No ns 
3 vs. 2 No ns 

2 vs. Ibuprofen Yes *** 
2 vs. Diclophenac No ns 

2 vs. 6 No ns 
2 vs. 1 No ns 
2 vs. 5 No ns 

5 vs. Ibuprofen Yes *** 
5 vs. Diclophenac No ns 

5 vs. 6 No ns 
5 vs. 1 No ns 

1 vs. Ibuprofen No ns 
1 vs. Diclophenac No ns 

1 vs. 6 No ns 
6 vs. Ibuprofen No ns 

6 vs. Diclophenac No ns 
Diclophenac vs. Ibuprofen No ns 
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Figure S7. HRMS spectrum for emmolic acid (1). 

 
Figure S8. HRMS spectrum for alphitolic acid (2). 
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Figure S9. HRMS spectrum for trans-coumaroyl alphitolic acid (3). 

 
Figure S10. HRMS spectrum for cis-coumaroyl alphitolic acid (4). 



Molecules 2016, 21, 1521; doi:10.3390/molecules21111521 S13 of S13 

 

 
Figure S11. HRMS spectrum for betulinic acid (5). 

 
Figure S12. HRMS spectrum for emmolic acid acetate (6). 


